ABSTRACT
INTRODUCTION
Immunity can be defined as a shield, created by the organism against external environmental effects (Dhainaut and Scaps 2001) . The role of the cellular reactions is very important in the immunity defense mechanisms of invertebrates (Porchet-Henneré et al. 1987 ). In the defense mechanism, the foreign particles can be eliminated by encapsulation, which is one of several immune responses of an organism (Porchet-Henneré et al. 1987) . The products of encapsulation are the pigmented cell aggregates consisting of more than ten coelomocytes (Valembois et al. 1992; Wieczorek-Olchawa et al. 2003 ). They have been described under different names such as tumors, granulama (Porchet-Henneré et al. 1987; Valembois et al. 1992) , cell plates or giant multinucleate corpuscles (Blanco 2010) . Recently, beside all these several terms, they are called as brown bodies (Porchet-Henneré et al. 1987; Valembois et al. 1992; Blanco 2010) . These brown bodies have also been observed in Annelida. There are many studies on the immune response of Oligochaeta, but there haven't been many investigations about the defense processes of the Polychaeta (Porchet-Henneré et al. 1987 ). Glycerids lack a separate blood system where the coelomic fluid takes the place of blood (Anderson 1980) contrary to the blood system of Nereis diversicolor (Porchet-Henneré et al. 1987) . The brown bodies in Glycera mainly consist of amoebocytes and erythrocytes (Dhainaut and Porchet-Henneré 1988; Vetvicka and Sima 2009) . In this study, morphometric measurements of natural brown bodies in Glycera tridactyla Schmarda, 1861 were given and the possible relationships between the characteristics of brown bodies and the factors (body size of the polychaeta and time) were identified. Therefore, the primary objective of this study was to investigate the differences among the size groups of brown bodies and to establish a relationship between the size and shape of the brown bodies. The second objective was to determine if and how natural brown body morphology vary with the factors such as the body size (proboscis length) of worm or the sampling time (months).
MATERIALS AND METHODS
The specimens of G. tridactyla were collected monthly between January 2006 and January 2007 in Homa Lagoon (Izmir, Turkey 26°50'N 38°53'E). The proboscis length was measured under a dissecting microscope to define the body size of the individuals before removing the brown bodies from the coelom of G.tridactyla. After the removal, brown bodies were mounted in glycerin on glass slides to examine. All the measurements of both the proboscis length and brown bodies were made using an Olympus BX50 microscope. In the present study, the brown body morphology (size and shape) are presented on the basis of the measurements (length and width) and the calculated variables derived from the length and width (surface area volume and elongation degree).
The brown bodies were assumed to have a prolate spheroid shape. A prolate spheroid has two semiaxes of the same length as the minor semi-axis (here denoted by BW/2) and the third one as the major semi-axis coincides with the minor semiaxis of the ellipse (here denoted by BL/2). In this study, six variables were identified for each brown body: body length (BL), body width (BW), volume (V), surface area (SA), surface area/volume ratio (SA/V) and elongation degree (ED). The volume and the surface area values were then calculated from the measured values (body length-width) on the assumption of the shape of the brown bodies as a prolate spheroid. The bodies were classified as immature (BL<1mm) and mature (BL>=1mm) according the size definitions described by Valembois et al. (1992) . Data were expressed as mean ± SE with range values. The volume (V) and surface area (SA) of the bodies were computed using the following formula (Satterly 1960) , where semi-axial lengths were defined as a>b:
To quantify the brown body shape, the elongation degree (ED=I/L) was used based on the formula given by Blott and Pye (2008) for sedimentary particles where "I" was the minor and "L" was the major axes in this paper. The shape classification was also made according to Blott and Pye (2008) (Fig. 1) . Student's t-test and p values were obtained to assess the differences in the mean values of the immature and mature bodies. Linear regression analysis was performed to determine the relationship between the measured (body lengthwidth) and the calculated (the volume the surface area the surface area/volume and the elongation degree) data of brown bodies. ANCOVA was used to analyze possible factors that might affect the properties of brown bodies, including the elongation degree and surface area/volume ratio. These variables were used as dependent variables while month was defined as a fixed variable. Proboscis length was included as a covariate to examine if and how it influenced the brown bodies. Pearson correlation test was applied to describe the relationship between the shape characteristics of brown bodies and proboscis length measurements of G. tridactyla. P values obtained from the statistical tests of were considered as statistically significant if the value was less than 0.05. All the statistical tests mentioned above were performed using Statistica software (Statsoft Inc. TulsaOK).
RESULTS
The mean values, standard errors and ranges for the size and shape properties and the results of the Student's t-test of the 95 brown bodies are presented for both the immature and mature groups in Table 1 . The mean length of the brown bodies in the immature group was significantly smaller than the mean value of the mature bodies. The same situation was also observed for the corresponding surface area and volume. On the contrary to the basic characteristics of the brown bodies, the mean value of the surface area/volume ratio of the immature brown bodies was significantly larger than the ratio of the mature ones. Brown body morphology quantified by using elongation degree showed no significant difference in mean value between immature and mature group of brown bodies.
Linear regression lines were almost straight for the immature brown bodies showing that the surface area and the volume could be referred to as length and width dependent (Figs. 2A, 2B) . The relationship between the volume, the surface area and the body width of immature bodies had high significant values (V: BW; R 2 = 0.7657, SA: BW; R 2 = 0.8794). The surface area/volume ratio showed a decreasing tendency with an increasing length (SA/V: BL; R 2 = 0.7863). In contrast to this relation, the surface area/volume ratio and width of immature brown bodies demonstrated a significant but rather weak relationship (SA/V: BW; R 2 = 0.0838) (Fig. 2C) . The linear regression plot showed that the relationship between the elongation degree and the width was significant (ED: BW; R 2 = 0.5432) while there was no significant relationship between the elongation degree and the length of immature brown bodies (ED: BL; R 2 = 0.0305) (Fig. 2D ). The changes in the surface area and the volume of mature brown bodies with the length and width showed significant relationships (Figs. 3A, 3B ).
The results revealed that the relation of the surface area, volume and width had higher regression coefficients (V: BW; R 2 = 0.6447, SA: BW; R 2 = 0.9000) than the relation with the brown body length (V: BL; R 2 =0.6197, SA: BL; R 2 = 0.3431). Linear regression of the surface area/volume ratio to both the length and width of the bodies were also evaluated for mature bodies (Fig. 3C) . The results suggested that the relationship between the surface area/volume ratio and the length (SA/V: BL; R 2 = 0.8796) was strong but the regression line corresponding to the surface area/volume ratio and the width was nearly horizontal and the relationship was not significant (SA/V: BW; R 2 = 0.0011). A strong significance was determined between the elongation degree and body width (ED: BW; R 2 = 0.8218) suggesting that the elongation degree tended to decrease with increasing brown body width. No significant relationship was observed between the elongation degree and body length of the mature brown bodies (ED: BL; R 2 = 0.0062) (Fig. 3D) . The ANCOVA results for both the surface area/volume ratio and elongation degree were not strong but significant. There were no significant interaction between the proboscis length and month, thus they were not reported in ANCOVA results. The surface area/volume ratio and proboscis length of G. tridactyla displayed a negative correlation, thus the individuals had long proboscis containing the brown bodies with a small surface area/volume ratio. There seemed to be a positive correlation between the elongation degree and proboscis length actually showing that the brown bodies tended to be elongated as the proboscis length increased. Significant differences were also noticed for the surface area/volume ratio and elongation degree among months (Table 2; Figs. 4, 5). 
DISCUSSION
Glycerids are subjected to a various commensals and parasites throughout their life-time (Boggemann 2002). As a consequence, brown bodies are structures associated with the defense mechanism of the host in the coelomic cavity as reported by Lunetta et al. (2004) . The body surface is also used to absorb and to exchange energy and mass with the external environment to discharge a variety of metabolic products (Niklas 2000) and the smaller cells increase the surface area/volume ratio for an efficient diffusion (Young 2006) . When brown bodies reach to the end of maturation level, the exchange process is reduced between the brown bodies and the other tissues of the animal (Valembois et al. 1992) . This can also be a valid state for the brown bodies and the mature ones may have smaller surface area/volume ratio than immature bodies. Maturation process leads to an increase in brown body size, and thereby the surface area/volume ratio decreases. The 2/3 (=~0.667) ratio is the expected scaling exponent for surface area respect to body volume (Niklas 2004) . As mentioned in previous studies (Kleiber 1947; Paganelli et al. 1974) , the surface area is proportional to 2/3 power of the volume for any object differing in size but sharing the same geometry. The ratio of brown bodies did not correspond to the 2/3 power rule, therefore, brown bodies were differed not only in size but also in shape. On the course of maturation, brown bodies become considerably narrower before they completely disappear (Valembois et al. 1992) . The results of this study showed that as the width of brown body increased, the shapes varied from Class 5 (Extremely elongate) to the Class 2 (Slightly elongate) as a common behavior. The shape of the immature brown bodies varied from Class 2 (slightly elongate) to Class 4 (very elongate) as the shape of the mature ones from Class 3 (moderately elongate) to Class 4 (very elongate) when the width of brown body decreased. The mature brown bodies exhibited less variation in shape compared to the shape variation of immature brown bodies. The significant relation, including the surface area/volume ratio and elongation degree of brown bodies to the proboscis length of G.tridactyla specimens suggested that the worms formed larger and elongated brown bodies as they grew. This result was consistent when the process of brown body formation (by aggregation of coelomocytes) was considered (Valembois et al. 1992 ). This relation could be supported indirectly by the findings, including the dependence of the quantitative composition of coelomocytes on individual age, which was mentioned in some studies (Adamowicz and Wojtaszek 2001; Di Marzio et al. 2005) . On the contrary to the findings mentioned above, Dales (1964) reported that the size of coelomocytes changed independently from the body size of an adult during the growth. The brown body formation requires generally several months (Valembois et al. 1992 ) and the quantity of coelomocytes varies (decreases/increases) throughout one year period due to demand of the worms in the formation process (Dales 1964) . Therefore, the results of the present study were consistent with the previously mentioned views (Dales 1964; Valembois et al. 1992 ) that the surface area/volume ratio and elongation degree values of brown bodies changed during monthly period.
CONCLUSIONS
In conclusion, the results suggested that the variation in size and/or shape of the brown bodies might refer an adaptation in removing process in the immune defense strategy of the worm. The variation in the shape of brown bodies appeared to be changed by animal body size and time. If the brown body size variation was associated with the worm body size variation, it could be predicted that big worms would form relatively larger and elongated brown bodies than the small worms. However, this work primarily presented as an interpretation by the means of the cognitive approaches. This approach need to be confirmed with future studies on the shape of brown bodies of different species under diverse conditions to determine if the brown bodies could exhibit a generalized pattern in size and/or shape.
